Objective: To quantify how stress related to use of health information technology (HIT) predicts burnout among physicians. Methods: All 4197 practicing physicians in Rhode Island were surveyed in 2017 on their HIT use. Our main outcome was self-reported burnout. The presence of HIT-related stress was defined by report of at least 1 of the following: poor/marginal time for documentation, moderately high/excessive time spent on the electronic health record (EHR) at home, and agreement that using an EHR adds to daily frustration. We used logistic regression to assess the association between each HIT-related stress measure and burnout, adjusting for respondent demographics, practice characteristics, and the other stress measures. Results: Of the 1792 physician respondents (43% response rate), 26% reported burnout. Among EHR users (91%), 70% reported HIT-related stress, with the highest prevalence in primary care-oriented specialties. After adjustment, physicians reporting poor/marginal time for documentation had 2.8 times the odds of burnout (95% CI: 2.0-4.1; P < .0001), compared to those reporting sufficient time. Physicians reporting moderately high/ excessive time on EHRs at home had 1.9 times the odds of burnout (95% CI: 1.4-2.8; P < .0001), compared to those with minimal/no EHR use at home. Those who agreed that EHRs add to their daily frustration had 2.4 times the odds of burnout (95% CI: 1.6-3.7; P < .0001), compared to those who disagreed. Conclusion: HIT-related stress is measurable, common (about 70% among respondents), specialty-related, and independently predictive of burnout symptoms. Identifying HIT-specific factors associated with burnout may guide healthcare organizations seeking to measure and remediate burnout among their physicians and staff.
absences and lower productivity. [12] [13] [14] In order to address physician burnout, healthcare organizations must first designate burnout as an important workforce metric and identify factors that contribute to burnout in their particular environment. [15] [16] [17] Many factors contribute to physician burnout, including chaotic work environments, lack of alignment between physicians' values and those of their organizations' leaders, time and productivity pressures, and lack of autonomy. [18] [19] [20] The role of technology in physician burnout, specifically health information technology (HIT), is not as well characterized. Physicians have identified electronic health records (EHRs) as an important component in burnout, and dissatisfaction with one's EHR is associated with intent to reduce clinical work hours and leave one's current practice. 17, 18, 21 Shanafelt and colleagues 13 found that computerized physician order entry was an important predictor of burnout in physicians' electronic environment. EHRs contribute to burnout because of challenges in efficiently navigating the user interface, 22, 23 the additional time required to document in an EHR vs. a paper chart, 24 the amount of data the physician could theoretically access during each clinical encounter and for each medical decision, 25 the increased number of clerical tasks directed to physicians, 13 the ability to work anywhere and anytime, 26 and the impact of EHRs on the physician-patient interaction. 27, 28 Objective
In this study, we sought to understand how stress related to HIT use predicts burnout among physicians. Using a survey of all physicians in one state, we aimed first to determine the prevalence of burnout symptoms and HIT-related stress across the entire sample and among the most common respondent specialties. Second, we aimed to quantify the association of HIT-related stress with burnout. We hypothesized that HIT-related stress would predict burnout among the sample as well as or better than other demographic and practice characteristics described in the literature. We hope that identifying HIT-specific factors associated with burnout can guide healthcare organizations seeking to measure burnout among their physicians and staff, with the goal of tracking the impact of new technology and policies, identifying remedial predictors, and measuring the effect of targeted interventions.
MATERIALS AND METHODS

Survey administration
The Rhode Island Department of Health (RIDOH) and its public reporting contractor, Healthcentric Advisors, have administered the HIT survey to all licensed physicians in Rhode Island since 2009. The survey is legislatively mandated to measure facets of HIT use, including EHR adoption, use of EHR functionality, electronic prescribing, and health information exchange, as well as the impact of technology on workflow, patient care, and job satisfaction. Survey questions are updated to incorporate feedback from the preceding survey and to reflect changes in HIT trends and policy. Questions are developed and approved by an ongoing multi-stakeholder consensus process, described previously.
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RIDOH publicly reports the results, both in aggregate and, for some measures, at the individual physician level; therefore, responses are not anonymous. The survey is administered electronically using an online survey platform. 30 No compensation is provided for survey completion. The 2017 survey was sent to all 4197 physicians with active Rhode Island licenses who indicated in their most recent licensure application that they provide direct patient care (or had missing responses to this question) and who had current addresses in Rhode Island or 1 of the 2 adjacent states (Connecticut or Massachusetts). Resident and fellow physicians were excluded. The survey period was from May 8, 2017 , to June 12, 2017. All physicians received a letter via U.S. mail from RIDOH with a URL link to the survey; physicians with an email address on file with the RIDOH also received an email notification and up to 2 electronic reminders. This study was reviewed by the RIDOH's Institutional Review Board and deemed exempt.
Demographic and practice variables
Respondent age and gender were obtained through RIDOH's licensure file. Age was categorized into 3 groups (30-50; 51-64; and 65-90 years of age). Respondents provided information regarding their specialty, degree type (MD or DO), main practice setting (outpatient/office or inpatient/hospital), practice size (1-3 clinicians; 4-9 clinicians; 10-15 clinicians; 16 or more clinicians), whether they provide primary care, whether they use an EHR, and whether they use a medical scribe. To describe the respondents in Table 1 , we grouped specialty responses into 9 categories: emergency medicine, family medicine, internal medicine, medical subspecialties, obstetrics and gynecology, pediatrics, psychiatry, surgery (general and subspecialty), and other/unknown. When comparing respondents with non-respondents, specialties were obtained from the licensure file for both and grouped into the same 9 categories.
Burnout variable
Burnout was measured using a single question item from the Mini z, a 10-item instrument developed from the Physician Work Life Study. [31] [32] [33] Using a 5-point scale, respondents were asked to identify their symptoms of burnout: 1) "I enjoy my work. I have no symptoms of burnout;" 2) "I am under stress, and don't always have as much energy as I did, but I don't feel burned out;" 3) "I am definitely burning out and have one or more symptoms of burnout, eg, emotional exhaustion;" 4) "The symptoms of burnout I am experiencing won't go away. I think about work frustrations a lot;" and 5) "I feel completely burned out. I am at the point where I may need to seek help." Similar to previous studies, we dichotomized this measure into "no symptoms of burnout" (2 on the 5-point scale) and "one or more symptoms of burnout" (3 on the 5-point scale). 32, 33 This single-item measure has been previously validated for physicians 34 and shown to have a sensitivity of 83.2% and specificity of 87.4% when compared to the longer and more detailed Maslach Burnout Inventory. 35 
HIT-related stress variables
The main independent variables of interest are 3 HIT-related stress measures: 1) whether the EHR adds to the frustration of one's day, 2) sufficiency of time for documentation, and 3) the amount of time spent on the EHR at home. As with the burnout variable, the 3 HITrelated stress measures were adopted from the Mini z. For the first measure, respondents indicated how much they agreed that EHRs add to the frustration of their day using a 4-point scale ("strongly agree," "agree," "disagree," and "strongly disagree"). We dichotomized these responses into 2 categories: agree (combining "agree" with "strongly agree") and disagree (combining "disagree" with "strongly disagree"). The second HIT-related stress measure assessed sufficiency of time for documentation using a 5-point scale ("poor," "marginal," "satisfactory," "good," and "optimal").
Responses were dichotomized into either insufficient ("poor" and "marginal") or sufficient ("satisfactory," "good," and "optimal") time for documentation. For the third measure, respondents characterized how much time they spend on the EHR at home using a 5-point scale ("excessive," "moderately high," "satisfactory," "modest," or "minimal/none"). Responses were dichotomized into a group comprising "minimal/none," "modest," and "satisfactory," and a group comprising "moderately high" and "excessive." Last, to descriptively examine the distribution and prevalence of stress related to HIT, we considered HIT-related stress to be present if 1 or more of the following response categories were indicated: 1) agree that EHRs add to the frustration of their day, 2) insufficient time for documentation, and 3) moderately high or excessive use of the EHR at home.
Other technology-related variables
Using a 4-point scale ("strongly agree," "agree," "disagree," or "strongly disagree"), respondents with EHRs were asked how much they agreed that using an EHR 1) improves communication among physicians and staff in their practice, 2) improves patient care, 3) improves their clinical workflow, and 4) improves job satisfaction. We dichotomized responses for each into 2 categories: agree (combining "agree" with "strongly agree") and disagree (combining "disagree" with "strongly disagree"). Respondents with EHRs were asked if they have remote access to their EHR and if they used it; among participants who use their EHR remotely, they were asked Survey respondents were instructed to select their primary specialty from a list; specialties were then grouped into 9 categories.
c Survey respondents were included in this category if they selected a medical subspecialty (eg, cardiology, endocrinology, gastroenterology).
d Survey respondents were included in this category if they chose not to select a specialty or if their specialty was not among the other 8 categories (eg, pathology, radiology, dermatology). under what circumstances they use it most often ["When I am not able to complete my work during regular work hours," "When I have the opportunity to work from home or another location (ie, to adjust my work/life balance)," or "Other"].
Statistical analysis
Univariable statistics were generated to describe the sample characteristics and the prevalence of burnout, HIT-related stress, and EHR remote access. We used bivariable chi-square tests (2-sided) to compare age, gender, and specialty among respondents vs. nonrespondents. Significance was assessed at the 0.05 level. We used multivariable logistic regression to measure the association between burnout and each measure of HIT-related stress, while controlling for respondent demographics, practice characteristics, and the other measures of HIT-related stress. Because 2 of the 3 HIT-related stress measures incorporate use of an EHR, the regression analyses included only physicians who reported using an EHR. We performed a sensitivity analysis to examine whether including each of the 3 HIT-related stress measures with its ordinal response categories (vs. dichotomized response categories) would affect any measures' association with burnout. Using an ordered logit model, we also performed a sensitivity analysis with the dependent variable (burnout) represented by its ordinal response categories, instead of the dichotomized response categories included in the primary analysis. Another sensitivity analysis included vendor type in the regression model, using the 3 most commonly reported vendors (Epic Systems, eClinicalWorks, and Cerner), to examine whether vendor type independently predicted burnout. All statistical analyses were conducted using SAS, version 9.3.
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RESULTS
Of the 4197 physicians who were sent a survey, 1792 responded (response rate: 42.7%). Among respondents, 42.5% were between 30 and 50 years of age and 35.7% were female (Table 1) . Two-thirds practiced primarily in an outpatient setting (67.7%), and one-third worked with 16 or more clinicians at their main practice site (32.3%). About 30% reported being a primary care physician. Among the sample, 16.6% listed general internal medicine as their specialty and 14.8% were medical subspecialists; pediatricians, psychiatrists, and surgeons each comprised about 10% of the respondents.
Compared to respondents, a greater proportion of nonrespondents were in the 30-to-50-year-old age group (Supplementary Appendix Table S1 ). There was no difference with regard to gender between the 2 groups. Specialties were evenly distributed between respondents and non-respondents, except for pediatricians and psychiatrists, who were present in greater proportions in the respondent group.
More than 90% of physician respondents reported using an EHR (91.0%). Among those using EHRs, 10.9% worked with a medical scribe at their main practice site (Table 2 ). Scribe use varied by specialty; for example, half of emergency medicine physicians reported use of a scribe (50.0%), compared to 2.1% of psychiatrists (Supplementary Appendix Table S2 ). More than 80% of physicians with EHRs reported accessing their EHR remotely (82.9%), and additional 6.4% said they had remote access but did not need to use it. About 60% of those using remote access indicated they used it most often because they could not complete their work during regular clinical hours (59.7%). When asked about how the EHR impacts their work, 77.6% of physicians agreed or strongly agreed that EHRs improve billing processes, and 69.2% felt EHRs improve communication among physicians and staff. Fewer physicians agreed or strongly agreed that EHRs improve patient care (51.9%), their clinical workflow (48.6%), or their job satisfaction (29.9%).
More than a quarter of the sample (25.9%) reported 1 or more symptoms of burnout (Table 1) . Prevalence of burnout symptoms was 27.2% among physicians with EHRs, compared to 13.6% among those without EHRs (P < .001). Of the 15 most common specialties, the specialty with the highest prevalence of burnout symptoms was family medicine (35.7%), followed by dermatology (34.6%), and hospital medicine (30.8%) (Figure 1 ). Anesthesiologists reported the lowest prevalence of burnout symptoms in the sample (14.3%).
Almost 70% of physicians with EHRs reported HIT-related stress (69.8%) ( Table 2 ). Among the 15 most commonly reported specialties, the specialty with the highest prevalence of HIT-related stress was orthopedic surgery (86.5%), followed by general internal medicine (86.0%) and family medicine (83.2%). More than a third of general internists reported all 3 measures of HIT-related stress (39.5%), as did family medicine physicians (37.0%), dermatologists (36.4%), and pediatricians (33.6%) (Figure 2 ). Hospitalists reported the lowest prevalence of HIT-related stress (38.9%), despite having relatively high burnout prevalence in this sample.
Regarding each of the individual HIT-related stress measures, almost two-thirds of the sample agreed or strongly agreed that EHRs add to the frustration of their day (64.2%) ( Table 2 ). It was the most commonly cited HIT-related stress measure in almost every specialty, with the highest prevalence among emergency physicians (77.6%). More than a third of physicians reported moderately high or excessive time spent on the EHR at home (37.7%), and this was the most commonly cited HIT-related stress measure among pediatricians (63.6%). In contrast, 16.7% of hospitalists, 7.7% of radiologists, and 3.8% of anesthesiologists reported this stress measure. Almost half of the sample with EHRs described poor or marginal sufficiency of time for documentation (46.4%), compared to 13.6% among those without EHRs (P < .001); optimal time for documentation was reported by 2.4% of those with EHRs and 22.2% of those without (P < .001).
In unadjusted models, female gender, outpatient practice setting, PCP status, and each of the HIT-related stress measures were significantly associated with presence of burnout symptoms (Table 3) . After adjusting for age, gender, practice setting, practice size, degree type, PCP status, use of a medical scribe, remote EHR use, and the 3 HIT stress measures, the variables that remained independently associated with burnout symptoms were gender and each of the 3 HIT-related stress measures. Female gender was associated with higher odds of burnout symptoms (AOR 1.41, 95% CI 1.02 to 1.94; compared to male), as was each of the HIT-related stress measures. Agreeing that the EHR adds to daily frustration was associated with more than twice the odds of burnout symptoms (AOR 2.44, 95% CI 1.60 to 3.74; compared to disagreeing), and reporting moderately high or excessive time spent on the EHR at home was associated with almost double the odds (AOR 1.93, 95% CI 1.36 to 2.75; compared to physicians reporting minimal/none, modest, and satisfactory time). Physicians who reported insufficient time for documentation had 2.81 times the odds of burnout symptoms compared to those with sufficient time (95% CI 1.95 to 4.06).
A summary of results from a sensitivity analysis that included each HIT-related stress variable with its ordinal response categories (vs. dichotomized response categories) is included as a footnote in Table 3 ; the full results are available in the Appendix (Supplementary Appendix Table S3 ). Using the ordinal response categories did not change the association of any of the other independent variables in the adjusted analysis. We did note the strongest associations with burnout symptoms at the extreme end of the response categories for the HIT-related stress measures. A sensitivity analysis that included the dependent variable burnout with its ordinal response categories (vs. dichotomized response categories) produced results similar to those of the primary analysis, with no change in the presence or magnitude of the associations seen in the primary analysis and no changes for any of the other independent variables (Supplementary Appendix  Table S4 ). A sensitivity analysis that included EHR vendors in the regression model produced results similar to those of the primary analysis, in that none of the EHR vendors was associated with burnout, and including the vendors in the analysis did not change the association of any of the other independent variables (data not shown).
DISCUSSION
In this study of almost 1800 Rhode Island physicians (about 43% of all physicians in active practice in the state), we found that HITrelated stress was measurable, prevalent, and specialty related. About 70% of physicians with EHRs suffered from HIT-related stress in our sample, and the presence of any of the 3 HIT-related stress measures independently predicted burnout symptoms among respondents. In particular, those with time pressures for documentation or those doing excessive "work after work" on their EHR at home had approximately twice the odds of burnout compared to physicians without these challenges.
Among the 3 HIT-related stress measures, insufficient time for documentation most strongly predicted burnout symptoms. It remained statistically significant, even when controlling for moderately high or excessive use of the EHR at home. A recent study of family medicine physicians found that outpatient doctors spend more than half their work day (nearly 6 hours) on their EHRs; clerical and administrative tasks, including documentation, accounted for 44% of that time. 37 Another study reported a similar time allocation: physicians spent nearly half their time during office hours on EHR and desk work, including documentation, translating to approximately 2 hours of EHR and desk work time for each hour of direct patient care. 38 In the hospital setting, internal medicine housestaff spent 40% of their time in front of a computer, including documentation, and significantly less time face to face with patients. 39, 40 In our sample, about half of physicians reported insufficient time for documentation. Prevalence of this stress measure varied substantially by specialty and was highest among physicians in the traditional primary care specialties: general internal medicine, family medicine, and pediatrics. Insufficient documentation time might contribute to burnout because this time pressure poses a direct challenge to connecting with patients, one of the more sustaining aspects of primary care practice. 18 Additionally, documentation time is generally not reimbursed, which may contribute to physicians' frustration, particularly if, as our study shows, a majority of physicians feel that EHRs do not improve patient care. In other words, physicians may feel that they are spending a large portion of their time on complex and time-consuming work that does not benefit their patients. Based on our results and the work of others, we recommend that healthcare organizations regularly and systematically measure HITrelated stress and burnout among their workforce. 15, 17, 41 Analyses should stratify by specialty, as we found substantial differences in the types of HIT-related stress experienced by doctors doing different types of work; the specific remedies for HIT-related stress may also vary by specialty. Even within a specialty with high rates of burnout overall, there is a distribution of HIT-related stress and burnout among individual physicians, with some physicians reporting little or We considered HIT-related stress to be present if 1 or more of the following response categories were indicated: 1) agree/strongly agree that EHRs add to the frustration of their day, 2) moderately high/excessive use of the EHR at home, and 3) poor/marginal time for documentation. no difficulty. Therefore, subsets of physicians with low rates of HITrelated stress and burnout can be the subject of focus groups or qualitative interviews to identify what might be working well in their clinical setting. Additionally, EHR-generated metrics, such as those described by DiAngi and colleagues 42 , can complement the physician-reported measures described in this paper. Once organizations systematically identify opportunities to reduce HIT-related stress in their workforce, they can implement evidencebased interventions to target issues in a particular environment, and then re-measure. Potential interventions include scribes, [43] [44] [45] teambased documentation with an enhanced role for medical assistants, 46, 47 "at-the-elbow" EHR training, 48 additional time to document during the work day, 22, 49 and streamlined documentation expectations. 50 In our unadjusted model, working with a scribe reduced the odds of burnout by about 40% (P ¼ .05), but this effect was not observed in the fully adjusted model, perhaps because scribes address documentation burden, but not other time-consuming tasks, such as in-basket management.
In some settings, more extensive culture change may be needed to address the etiology of HIT-related stress; for example, some practices may need to adopt policies that ban work-related email or clinical tasks during vacation. 51, 52 In order for physicians to feel comfortable with this change, the practice would need to implement workflows that allow physicians to take time off and feel confident their patients are well cared for in their absence, and physician leaders in the practice would need to role model the desired behavior. On a more global level, reducing "information chaos" can return clinicians' attention back to their patients and can help them work more efficiently, both of which may reduce HIT-related stress and We performed a sensitivity analysis that included each HIT-related stress variable with its ordinal response categories (vs. the dichotomized response categories shown in the table above). For the variable EHR adds to the frustration of my day, with "strongly disagree" as the reference category, the OR (95%CI) for "disagree" was 1.57 (0.43-5.72), for "agree" was 2.58 (0.72-9.22), and for "strongly agree" was 5.38 (1.50-19.31) . For the variable Time spent on the EHR at home, with "minimal/none" as the reference category, the OR (95%CI) for "modest" was 0.93 (0.48-1.80), for "satisfactory" was 0.95 (0.47-1.90), for "moderately high" was 1.38 (0.76-2.51), and for "excessive" was 1.95 (1.04-3.66). For the variable Sufficiency of time for documentation, with "optimal/good" as the reference category, the OR (95%CI) for "satisfactory" was 1.30 (0.68-2.49), for "marginal" was 2.27 (1.21-4.24), and for poor was 3.80 (1.95-7.40). The "optimal" and "good" response categories were combined due to a low number of responses in the "optimal" category. A table with complete results from this sensitivity analysis is available in the Appendix (Supplementary Appendix Table S3 ).
clinician burden. 53, 54 Examples of these types of systems changes include billing that does not rely on documentation, inclusion of EHR users into the system design process, more intuitive user interfaces that are standardized across settings, harmonized quality metrics, and automated data collection that can pull from free text instead of fields and checkboxes. 18, 19, [55] [56] [57] [58] Strengths of our study include use of a complete statewide sample, inclusion of a range of specialties and practice settings, presence of multiple EHR vendors, and use of questions validated among physicians to quantify stress and burnout. Because our survey includes a variety of HIT-related topics, there was not undue emphasis on the burnout or HIT-related stress questions. Additionally, we used multivariable regression techniques to identify physician characteristics independently associated with burnout and to minimize confounding.
Our findings should also be considered in the context of the following limitations. First, the response rate may affect generalizability. While our sample size is large and the response rate is good for a physician survey, we noted some differences between respondents and non-respondents. Generalizability may also be limited by administration in a single state. Second, physicians may have been reluctant to respond with the full extent of their burnout symptoms because the survey was not anonymous and because it was administered by RIDOH, which also oversees medical licensing in the state. Thus, reported prevalence of burnout symptoms and stress may be an underestimate. Third, we administered the survey electronically, which means that physicians who are more comfortable with computers may be more likely to respond. Finally, the study design does not allow us to determine the degree to which stresses such as insufficient documentation time are related to technology vs. the burden of the work itself. Comparing the responses of physicians with EHRs to those without EHRs does support an important role for technology, but the relatively low number of physicians in the sample without EHRs limits our interpretation.
CONCLUSION
In conclusion, we report high prevalence of HIT-related stress (about 70%) in a broad, statewide sample of physicians. Presence of any 1 of the HIT-related stress measures was associated with approximately twice the odds of burnout among physician respondents. This study adds to the literature by quantifying how HIT-related stress predicts burnout among physicians and by distinguishing among the different types of stress generated by EHR use. The results demonstrate important differences among specialties that may not always be intuitive and that can direct healthcare organizations when they seek to design interventions to reduce burnout. This study provides simple metrics for establishing a baseline of HIT-related stress, tracking improvement after interventions, and monitoring the effect of new policies and technology implementation in the environment. Given the toll of burnout on clinicians, patients, and the healthcare system, measuring and addressing HIT-related stress is an important step in reducing workforce burden and improving the care of our patients.
